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ABSTRACT

An attempt i1s made to summarize what is known about the richness of the total terrestrial angiosperm flora of the
“cerrados”™ (as a complex of formations) in Brazil, based on published surveys and species lists. A “refined™ list of
arboreal and shrubby species was compiled from a total of 145 individual lists from 78 localities, taking into account
synonymy and recent taxonomic changes. The refined list had 1709 references to taxonomic entities at the species level
(973 identified with confidence and 31 with aff. or ¢f.), 572 references to generic entities (363 genera identified with
confidence), and 210 references to the family level (88 families identified with confidence). There are many unidentified
arboreal and shrubby taxa at the specihc, generic, and family levels, indicating that a considerable amount of taxonomic
research remains to be done on the cerrado flora, and that this flora may be much richer than is generally assumed.
Depending on the assumptions made, these data suggest a total of around 1000 to 2000 arboreal and shrubby species
and 2000 to 5000 herbaceous ones, yielding estimates for the total cerrado flora (terrestrial angiosperms) ranging from
3000 to 7000 species. These limits, especially the upper one, are dubious, but give an idea of the magnitude of the
angiosperm flora in the Brazilian cerrados. Surveys of cerrados are very unevenly distributed. and studies of relatively

unknown sites may reveal much more diversity than that presently known.

On reading accounts of floristic studies on cer-
rados in Brazil, one rapidly comes to realize that
the majority of authors, either implicitly or explic-
itly, consider the cerrado flora to be well known and
to have low richness. For example, Rizzini (1963,
1971) estimated around 600 species and a little
over 200 genera for the whole cerrado arboreal and
shrubby flora, but Heringer et al. (1977) cited 193
arboreal and shrubby species and confirmed less
than 150 genera. Even recent studies (e.g., Leitdo
Filho, 1992; Ratter et al., 1997) have estimated the
number of arboreal-shrubby species for the cerra-
dos as being around 800. Eiten (1990) has been
one of the few authors to suggest that the thick-
stemmed arboreal-shrubby flora contains more than
1000 species and that the denser physiognomies
may reach more than 150 arboreal and shrubby
species per hectare. Castro (1994; see Ratter et al.,
1997) made an extensive survey of the literature in
order to gather support for the idea that the arboreal
and shrubby flora of the Brazilian cerrados is much
richer than previously assumed.

It could be argued that as the cerrados consist
of physiognomies that are predominantly grass-
lands, the greatest floristic richness should be en-
countered 1n the non-woody (herbaceous-subshrub-
by) component of the vegetation. Surveys of this

component have been rare in Brazil (Mantovanmi &
Martins, 1993). Comparing the non-woody compo-
nent in different localities in Brazil, Mantovani
(1983) found a local richness that varied between
165 species in the Serra Dourada (state of Goids)
and 640 in the municipality of Lagoa Santa (state
of Minas Gerais). In an area of 343.42 ha of a cer-
rado in the Reserva Biolé6gica de Moji Guacu (state
of Sao Paulo), Mantovani and Martins (1993) found
403 species of non-woody angiosperms. The her-
baceous-subshrubby angiosperm flora of the cer-
rados therefore appears to be richer than the ar-
boreal-shrubby flora, but its richness varies with
physiognomy (Mantovani, 1987).

It can also be argued that the maximum physi-
ognomic and floristic expression, together with
maximum spatial continuity, should occur in the
“nuclear” (Labouriau, 1966), “central” (Rizzini,
1963), or “core” (Eiten, 1972; Fern, 1977a) areas.
An implication of this reasoning is that marginal
and disjunct areas (Ratter et al., 1988a) should
have a relatively impoverished flora in comparison
to the nuclear area, although they may be supple-
mented by floristic elements from the suxrounding
vegetation formations (Eiten, 1972; Fernandes &

Bezerra, 1990; Rizzini, 1963). These elements,

which occur preferentially in other formations and
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sporadically in cerrados, were called “accessory”
species or elements by Rizzini (1963). Species that
occur exclusively in cerrado formations, or show a
marked preference for cerrados, were termed “char-
acteristic” species (“espécies peculiares ou pro-
prias”) by Rizzini (1963). He considered that only
the woody species occurring in the “cerraddo” (for-
est physiognomy) could be designated characteris-
tic species, that is, essentially the arboreal-shrubby
species. However, because of a large number of ac-
cessory species (sensu Rizzini, 1963), marginal and
disjunct cerrado areas generally show considerable
floristic richness.

Although this might suggest that cerrados in
marginal or disjunct areas should gradually grade
into other formations, they are usually fairly easily
distinguished from other formations in the neigh-
borhood by their physiognomy and floristic com-
position, often with a number of common well-
known species. The fact that a species occurs,
grows, and reproduces successfully in an area
shows that it is adapted to the local conditions. It
is possible to construct a continuum of species
ranging from those restricted to very local areas
within a single vegetation type to those that are very
widespread and occur in several different forma-
tions. The distinction between “characteristic” and
“accessory” species therefore seems rather artificial
and debatable, lacking in ecological significance.
The spatial and temporal abundance of the different
species also cannot be ignored. While it might be
argued that a species typical of other formations
and occurring only sporadically in cerrados should
be considered an accessory species (e.g., Ficus
spp.), it is possible to find examples of species that
occur with very low abundance but only in cerrado
areas (such as Fugenia aurata), along with numer-
ous intermediate situations (such as Copaifera
langsdorffii or Vochysia tucanorum) in which spe-
cies that are common in other formations also occur
in some abundance in many cerrados. Once again,
it is virtually impossible to find a clear distinction
between “accessory” and “characteristic” species.
Most flonistic studies, moreover, do not include in-
formation on abundance, making 1t ditficult to use
this criterion.

Although cerrados are among the best studied
vegetation types in Brazil, a number of fundamental
questions remain unanswered. Just how rich, floris-
tically, is the cerrado? How many and which taxa
are already known? What is the proportion of still
unknown/unidentified/undescribed taxa? What are
the taxa that cause most problems for identifica-
tion? In addition, knowledge of the flora of a given
type of vegetation depends fundamentally on col-
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lections in the field. Which areas have been well
collected? To what extent have collections been
widely spread or have they concentrated in certain
areas? In which regions are collections sparse or
nonexistent? These represent priority areas for fu-
ture work and should be clearly identified.

Answers to these questions are essential for any
attempt to establish plans for conservation and fur-
ther investigation of the cerrado vegetation, tasks
which are, sadly, increasingly urgent given the rap-
id destruction and exploitation of this vegetation
type in Brazil today.

In the present study we tried to summarize what
is known from floristic studies in the cerrados of
Brazil, at least for the arboreal-shrubby component
of the vegetation, and to provide some indications
of where further work might most usefully be in-
vested to improve our knowledge for conservation
and rational sustainable exploitation.

MATERIAL AND METHODS

This study was based on material published and
theses defended up to 1992, supplemented by 12
unpublished field surveys from the states of Piauf
and Sao Paulo (Castro et al., in press). A literature
survey uncovered 135 publications and theses that
included floristic surveys of cerrados. Of these, 92
were selected for the present study. It is likely that
other studies exist, but they were not localized or
could not be obtained.

An initial survey was based on Garcia et al.
(1981), Huber (1974), Lemos (1976), Pinto (1979),
and Silva (1982), together with publications by Ei-
ten (1972), Fermi (1963, 1971, 1973, 1977b, 1979),
Goodland (1979), Labouriau (1966), Marchett:
(1988), and Marchetti and Machado (1982). A sec-

ond survey was based on the citations in these pub-
lications and on theses defended, as well as on the
literature cited in them. In many cases, the authors
contacted supplied complementary information 1n
the form of extended species lists and revised iden-
tifications. Surveys were selected based on the fol-
lowing critena:

(1) Where the authors designated the vegetation
surveyed as some type of “cerrado.”

(2) Where the authors distinguished the growth
form of the species surveyed. We consider only
trees and shrubs; other growth forms were ex-
cluded.

(3) When the publication omitted growth form, the
authors were contacted and they sent us their
field observations. In some cases, indications in

the literature were used (Ferri, 1969, 1977b;
Heringer et al., 1977; Martius et al., 1840,
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1906; Rizzini, 1963, 1971). In a few cases,

growth forms were designated based on the field
experience of the authors themselves.

(4) Only surveys that made periodic collections or
quantitative sampling in a limited area at a giv-
en locality were included. We excluded lists
based on single or sporadic visits, or that were
not relatively localized.

According to Coutinho (1990), different vegeta-
tion types are included under the word “cerrados,”
whose physiognomies vary from pure grassland
(*campo limpo de cerrado”), through savanna
(“campo sujo,” “campo cerrado,” “cerrado sensu
stricto,” in order of growing woody biomass), to
pure forest (“cerradao”). A similar concept of the
cerrados can be found in Castro (1996), Eiten
(1972), Ratter and Dargie (1992), and Ratter et al.
(1996, 1997). They are classified in the world bi-

ome of savannas, which occur between the tropics,
on dystrophic, allic or acid, deep, heavily intemper-
1zed soils under a seasonal climate where recurrent
fires are normal events (Sarmiento, 1983). We ac-
cept the broad concept of cerrados as a complex of
different vegetation formations, and in the present
study we accepted the classification of the vegeta-
tion surveyed as some type of cerrado by the author
of the survey, as stated in criterion 1 above.

The cerrados show two distinct floras, termed
“silvestre” (from the Latin sylva =
“campestre” (from the Latin campus = field) by

Rizzimi (1963, 1971), mutually exclusive because
both are heliophilous (Coutinho, 1990). In the

physiognomies of the cerrados they constitute
roughly the woody layer and the ground layer, re-
spectively, in Eiten’s (1972) terminology. The dom-
inant life forms in the woody layer are arboreal

forest) and

phanerophytes (here called trees) and shrubby
chamaephytes (here called shrubs). In the ground
layer the dominant life forms are subshrubby cham-
aephytes (here called subshrubs), hemicryptophytes
(the dominant life form), and geophytes (here called
herbs) and all qualified as non-woody. A key for
plant life-forms can be found in Mueller-Dombois
and Ellenberg (1974). We use the term “woody” to
include trees and shrubs and apply the qualifier
“woody” according to the appearance of the aerial
system of a dicotyledonous plant: all that can be
seen of a plant in a normal survey. A woody plant
has at least one orthotropic stem axis arising from
the soil that, along some extension from its base, is
hard, relatively thick, and has a bark (not a thin,
green epidermis). Most quantitative surveys in Bra-
zilian cerrados have sampled woody plants with a
minimum stem diameter of 3 c¢cm at ground level.
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To categorize species belonging to the “silvestre”
or “campestre” floras we use here the expressions
arboreal-shrubby and subshrubby-herbaceous com-
ponents. We prefer to use the word “component”
because 1t is abstract and not so concrete as “lay-
er,” which has a well-defined meaning in physiog-
nomy: a layer can be seen in the vegetation, but
not in a flora.

In several cases, more than one species list was
presented for a given site, since a number of ad-
jacent areas had been studied, thus resulting in 145
floristic lists for 78 sites. A preliminary list of iden-
tified species and those with dubious identification
was prepared. Dubious identifications included
those such as aff. or ¢f. Unidentified taxa were
those unknown at species, genus, or family levels.
From this preliminary list, a refined list was pre-
pared where synonyms were combined under a sin-
gle epithet, based on the taxonomic literature (flo-
ras, revisions, theses, etc.). No attempt was made
to ensure that the epithet chosen was taxonomically
up to date, but only to make sure that different
binomials belonging to the same species were in-
cluded under a single name, although wherever
possible, the nomenclature used in the most recent
revision was followed.

Calculations of proportions of dubious and un-
known taxa were based on the refined list. Each
unidentified taxon was considered to be different
among samples; that 1s, unknown taxa identified to
a given genus or family were considered to be dif-
ferent if they occurred in different surveys, so that
it Myrcia sp. appeared in two lists, the final list
contained Myrcia spl and Myrcia sp2. In the same
way, any plant unknown in one survey was consid-
ered to be a different taxon from the unknowns oc-
curring in other surveys. Dubious binomials were
considered to be different among themselves and
were also considered to be different from confident
identifications. Infraspecific taxa were treated as
separate taxa. All these were taken as references
to taxonomic entities at the species (or genus or
family) level, and not as “true” different species (or
genera or families) in themselves, in order to esti-
mate lower and upper limits for the richness of the
flora. We used this method of calculating the num-
ber of taxonomic entities for operational facility and
greater objectivity. Nevertheless, since it was im-
possible to know whether the unidentified, un-
known, or dubious entities represented the same or
different taxa in different lists, by adopting this pro-
cedure we introduced an overestimation of the up-
per limit of the cerrado floristic richness.

The surveys included in the present study are

listed in Table 1 (pp. 204-212), which shows the
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Figure 1. Cerrado vegetation sites included in the present survey. The dotted area represents the approximate

distribution of cerrado vegetation in Brazil. Numbers and letters on the map correspond to municipalities where the
surveys were done. See Table 1 for number code. The letters represent the following lists: A 6-36; B 39, 40; C 41-
43; D 45-48; E 52-56, F 58-60; G 83-86; H 89-91; ] 97, 101; K 94-96, 98; L. 103-105; M 107-109; N 110-118;

O 119, 120; P 121-132, 138; Q 134-137; R 133, 139.

sites surveyed, the municipality where they are lo-
cated, their geographical location, and the author
of the survey.

The distribution map (Fig. 1) showing the nucle-
ar and disjunct cerrados was adapted from Fernan-

des and Bezerra (1990), Ferm (1977b, 1979), Ma-
lavolta and Klieman (1985), Ogata (1986), and
Wagner (1986). It also shows the localization of the
municipalities in which the surveys included in the
present study were done.

RESULTS

The refined list (Table 2, pp. 213-223) indicates

a total of 210 references to taxonomic entities at
the family level, 572 references to the genus level,
and 1709 references to the species and subspecies
levels, including dubious identifications and non-
identified maternal. Of the 210 references to taxa at

the family level, 122 could not be identified by the

authors of the original studies. They are here called
“unknowns,” representing 58.1% of the total. This
would indicate that the number of families lies be-
tween 88 (the number of families definitely 1den-
tihed) and 210 (if none of the unknowns could be
attributed to a family already i1dentified). Of the 572
references to taxonomic entities at the generic lev-
el, 363 were identified, but 209 were not. These
“unknowns” at the generic level represent 36.5%
of the total. From the 1709 references to taxonomic
entities at the species level, there are only 973
identified with confidence, 31 with dubious iden-
tifications, 36 with dubious identifications where
the same species had already been identified in
other sites, and a further 5 infraspecific taxa that
belonged to species already included without in-
dications of infraspecific categories. Also from the
total 1709 references, 455 were identified to the
generic level only, and 209 remained “unknown”
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Figure 2.

Frequency distribution of confidently identified species of arboreal and shrubby plants of Brazilian

cerrados according to the number of lists in which they were recorded.

at the generic level (of these, 122 are references
only to the family level). These results are sum-
marized in Table 3 (p. 224).

Of the well-identified species, 387 (39%) oc-
curred 1n a single list, while species with two oc-
currences made up a further 16%. This means that
more than half of the species were present in less
than 3 out of 145 lists. Figure 2 shows the fre-
quency distribution of species according to the
number of sites at which they were recorded.

DISCUSSION

It 1s difficult to obtain a reliable estimate of the
number of arboreal-shrubby taxa occurring in the
cerrado, since a large number of factors may inflate
or diminish the total obtained. In spite of this, we
can arrive at two distinct estimates, with varable
degrees of reliability: (1) an upper limit represented

by the list taken as it stands, assuming that all of

the references to taxonomic entities are new to the
list and represent species, genera, or families not
previously identified; (2) a lower [imit, which as-

sumes that all of the unknowns are in fact taxa that
have already been recorded and that there remain
no more taxa to be added beyond the ones already
identified. The assumptions for both of these esti-
mates are highly implausible, especially for the up-
per limit, but they provide a means of establishing
probable upper and lower limits. The numbers 1m-
plied by both of these limits are shown in Table 4
(p. 224).

The lower limit would seem to offer a reasonably
secure minimum estimate for the arboreal-shrubby
cerrado flora of around 1000 species, 370 genera,
and 90 families. Three main objections might be
raised: (1) The list includes a number of species
that certainly would not be regarded as typical cer-
rado species (e.g., Talauma ovata). (2) A number
of species that are not typically woody in most sites
are also included (e.g., Oxalis). (3) Some unrecord-
ed rarer species are likely to be “hidden in this
list, having been misidentified as common cerrado
specles.

The question of “non-cerrado” species 1s very
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dithcult to resolve. As mentioned in the introduc-
tion, we have taken the position that if a species
has been recorded in some form of cerrado vege-
tation, it should be included here, since we feel
that it 1s almost impossible to supply a consistent
criterion to distinguish Rizzini’s “accessory spe-
cles.”

The second objection is the question of how to
define “woody” forms. This is also practically im-
possible, since again there 1s no hard and fast cn-
terion that can be applied universally, and authors
differ considerably in the concepts that they utilize.
A number of species also vary considerably in habit
and may range from small, virtually herbaceous
forms up to quite large trees in different cerrado
sites (e.g., Andira, Caryocar, Cochlospermum), so
that a species that 1s clearly woody and included
in a survey of woody species in one site may be
excluded in another. In all of the species listed, at
least one author considered the species to be a
shrub or tree 1n the site where he made his survey,
and 1in many cases this information was confirmed
by personal contacts with the author of the publi-
cation.

The final objection 1s almost impossible to quan-
tify. The proportion of rarer species that have been
confused with common cerrado species is likely to
vary widely with the experience and thoroughness
of the researchers who carry out a survey and the
degree to which the flora of the region being studied
1s more or less well known. The availability of re-
cent revisions and more easily accessible literature
will also have a strong influence, and this will tend
to be unequal among different taxonomic groups.

The upper limit for the cerrado woody flora is
much more debatable. It 1s obviously unrealistic to
assume that all of the unknowns represent “new”
taxa (taxa not included 1n the lists; these are not
new species from the taxonomic viewpoint), so that
the number given here would tend to overestimate
the number of taxa in the cerrado woody flora quite
considerably. This i1s most evident in the number
of families: 1t 1s highly unlikely that many of the
unknowns at the family level do, in fact, represent
“new” families. Once again, the proportion of
“new”” species 1s likely to vary widely, depending
on the region where the survey was made. In rel-
atively well-known cerrado areas such as the Dis-
trito Federal, the state of Sao Paulo, and the south-
ern part of the state of Minas Gerais, the cerrado
woody flora 1s quite well known, and 1t 1s 1mprob-
able that a large number of “new” species will be
added, at least for the woody component. In less
well-known regions such as northern Mato Grosso
state and northern Minas Gerais, however, this pro-
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portion could be much higher. We have no reliable
estimate of what proportion of the unknowns rep-
resents “new’’ species. It might be possible to es-
timate this by sampling and re-examining the un-
knowns from a number of surveys for taxonomic
groups where recent revisions or expert taxonomic
assistance are available. This is very difficult, how-
ever, since most publications do not cite voucher
specimens, which would allow the unidentified ma-
terial to be refound. We recommend that. in future
studies, voucher specimens be deposited and cited
tor all species, even where only vegetative material
1s available.

Although the upper limit given here is likely to
represent a gross overestimate of the number of cer-
rado woody species, it 1s necessary to be somewhat
cautious before discarding this estimate completely.
Any sampling scheme 1s certain to miss a number
of species in a given area. For example, Gibbs et
al. (1980) estimated that in a relatively restricted
area of riparian forest, sampling by quadrats or
point-centered quarters missed approximately 20%
of the species present. This percentage 1s likely to
be rather lower in cerrado—Ratter et al. (1988a)
found that only about 5% of the woody species were
not included in a quadrat survey in Sao Paulo
state—but 1t 1s very unpredictable and likely to
vary widely with sample size and local richness. A
preliminary study of data from quantitative surveys
(Castro, 1994) suggested that at least 1000 individ-
uals should be included to give a reasonable rep-
resentation of the woody flora of a given locality.
Surveys that do not sample quantitatively frequent-
ly miss less conspicuous species, unless the survey
1s very thorough and visits are repeated in different
seasons. In a number of cases, our field experience
has shown that a quantitative sampling scheme
(with statistical planning) will bring to light a much
larger number of species than a series of sporadic
visits. It might be argued that even if one survey
misses a number of species, the repeated sampling
by different studies should be enough to ensure an
almost complete species list. This argument, how-
ever, supposes that the vegetation is relatively uni-
form. Comparison of different areas has shown that
composition may vary widely, even between cerrado

areas that are geographically close (Castro, 1994;
Ratter et al., 1988a, b, 1996, 1997, Ratter & Dar-

gie, 1992, and citations of A. A. J. F. Castro there-
in), and that many species have very sporadic or
patchy distributions. It has also become clear that
more intensive studies of even relatively well
known areas and well known groups are still un-
covering a surprising number of new species (Pe-
reira et al., 1993). Besides these arguments, the
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map in Figure 1 clearly shows that sampling has
been uneven, with an enormous concentration of
surveys in relatively few well-studied areas, while
large and potentially interesting and heterogeneous
regions have remained unsampled. Even in com-
paratively well-worked states such as Sao Paulo
and Minas Gerais, the distribution of cerrado sur-
veys has been uneven. Surveys in these areas would
almost certainly contribute a considerable number
of “new” species to the list. In consequence, it
seems premature to declare that the upper limit
given in Table 2 is totally wrong, and 1t 1s possible
that the cerrado flora could have a much greater
number of woody species than that established as
the lower limat.

We are left, therefore, with a range of around
1000 to 2000 for the number of woody species in
the cerrado flora. Comparing the lower limit with
estimates in the literature, it can be seen that this
1s somewhat higher than those proposed by most
authors, but is quite close to Eiten’s (1990) value.
Our upper limit 1s considerably higher than any of
the published estimates, and i1s more than double
the number of woody cerrado species that most au-
thors have assumed. Although we consider this up-
per limit rather unlikely, 1t suggests that the cerrado
woody flora may be much richer than has usually
been indicated and that much work is still neces-
sary, particularly in under-sampled regions, to
reach a more satisfactory conclusion.

The almost complete absence of studies of the
herbaceous-subshrubby component of the cerrado
flora means that it i1s not possible, at present, to
make comprehensive lists of species. Mantovani
and Martins (1993) have found proportions of 1:2
to 1:3 for the number of arboreal-shrubby species:
herbaceous-subshrubby species. Extrapolation from
these ratios gives the results found in Table 5 (p.
224), which shows the estimated number of her-
baceous-subshrubby species under various as-
sumptions. The number of herbaceous-subshrubby
species would therefore lie between 2000 and
5250, with the total cerrado flora of 3000 to 7000
angiosperm species. These numbers are clearly not
very reliable, since we have insufficient knowledge
of the ratio of woody : non-woody species, but they
do at least suggest an order of magnitude. In gen-
eral, it seems likely that the proportion of confi-
dently identified species is lower in studies of the
non-woody flora of the cerrado (Mantovani, 1983),
so that the percentage of “new” species among the
unknowns may be much higher in this group.

Because the spatial distribution of the surveys in
the cerrados 1n Brazil has been very uneven (Fig.
1), a number of areas merit high priority for future
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investigations. Among these we particularly em-
phasize the following:

(1) The state of Mato Grosso do Sul has extensive
areas of cerrado outside the pantanal region,
which is the only part to have been studied.
This region is particularly vulnerable, since
large areas have already been cleared for ag-
riculture. The neighboring cerrados in the
southeast of Goids are also unstudied and ex-
tremely vulnerable.

(2) Northwestern Mato Grosso state has also been
very little studied and is being rapidly opened
up to colonization.

(3) The state of Tocantins (formerly north of Goids)
and adjoining areas in Cear4 are practically un-
touched and almost nothing has been published
about these areas. They are likely to be partic-
ularly interesting, since they are in contact with
the forests of the Amazon basin and are likely
to show high diversity in common with sites in
Mato Grosso, which have provided the highest
species richness encountered in the ¢errado flo-
ra (Castro, 1994).

(4) The west of Bahia and south of Piauf also have
considerable areas of cerrado that have scarcely
been studied. These offer the opposite extreme
from the previous region, since they come into
contact with the caatinga vegetation and are
likely to contain a number of unique elements
adapted to drier climates (Castro et al., in
press).

CONCLUSIONS

The greatest source of error and uncertainty in
compilation of lists of the cerrado flora 1s the rel-
atively large number of “unknowns,” together with
the uneven geographic distribution of the studies
that have been made. The unknowns and dubious
identifications in the present list amount to more
than 40% at the species level. Although this per-
centage must contain many “unknowns” that are in
fact known species that were not identified as such
when the survey was made, and must also contain
many species that are common to several sites,
there 1s still a sizeable residue that represents gen-
uinely new species or species that have not been
correctly 1dentified as occurring in cerrado vege-
tation. There 1s clearly still a need for much taxo-
nomic work on the cerrado flora.

Good taxonomy depends on good collecting, and
it is clear that much work remains to be done in
the cerrados. On the one hand, typical flonstic
studies tend to collect flowering matenal, which can
usually be i1dentified to species level with confi-
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dence, but will often tend to miss species that were
not in flower at the times visits were made, that
tend to flower sporadically or rarely, that are very
ephemeral, or are relatively inconspicuous. On the
other hand, quantitative studies on community
structure often collect more completely, since all
the individuals within certain size classes will be
included, but much of the material may be sterile
or atypical (attacked by herbivores, etc.). Thorough
collecting and complete identification of material
therefore require repeated visits to a site, making
the whole exercise time-consuming and costly, par-
ticularly in more remote areas where access is dif-
ficult and considerable time may be spent in trav-
eling to the site. This problem is more acute with
herbaceous-subshrubby species, where the prob-
lems mentioned above are even more serious. In
many areas the accelerated rates of destruction of
cerrado areas mean that it is very difficult, if not
impossible, to make a number of return visits to a
site, since 1t may have been destroyed or heavily
altered 1n the meantime.

A turther source of difficulties in the compilation
of species lists is the problem of updating identi-
fications. In most cases, once a survey has been
published, no attempt 1s made to update the species
lists or publish corrections where erroneous iden-
tifications have been made. Since many surveys do
not cite individual voucher specimens, it can often
be impossible to relocate the matenal collected in
order to check i1dentifications or try to resolve un-
identified material. In the case of a list like the
present one, even if the voucher lists were pub-
lished, venifying them would involve consulting
dozens of herbaria. The collections in a herbarium
may have been recently reworked by a specialist,
but the new 1dentifications that have been made are
generally not easily accessible. This 1s one area
where the use of data banks and on-line access to
collections would be genuinely useful, rather than
just a fashionable thing to do in order to say that
the herbarium 1s “up-to-date.” If it were possible
to consult herbaria on line and discover whether
specific specimens cited in published reports have
been reidentified, many of the difficulties and er-
rors in the compilation of the present list would be
avoidable. We therefore urge that more attention be
given to publishing corrections and additions to al-
ready published species lists or quantitative sur-
veys, and that efforts be made to extend and facil-
itate the use of computer data banks and on-line
access to collections.

In the Brazilian Constitution, the vegetation for-
mations of the Amazon, the Atlantic Forest, coastal
areas, and the pantanal of Mato Grosso are consid-

ered to be a national heritage. Riparian forest is
also the subject of special legislation. This implies
that different categories of ecosystems have been
recognized and that the formations cited above are
considered to be of greater importance, while the
remaining vegetation formations are not. Among the
latter, the cerrado is being destroyed most rapidly.
In addition, historically the cerrados have never
been considered deserving of specific conservation
measures, and there are few official cerrado re-
serves. Contrary to the assumptions made by many
authors, however, the cerrados do have a relatively
rich and diverse flora, which is still relatively un-
der-investigated.

The cerrado has species that evolved under con-
ditions of strong selective pressures from herbivores
(Fowler & Duarte, 1991; Oliveira & Leitao Filho.
1987). Moreover, they are adapted to dystrophic,
acid, often aluminum-rich soils, and are resistant
to (often prolonged) periodic drought. As such, they
represent an important genetic resource and are
much more than a simple source of vegetable char-
coal or areas to be exploited for cultivation of crops,
often stimulated more by economic interests than
any real necessity. Their protection, and the pres-
ervation of the genetic diversity that they contain,
1s a matter of considerable importance and urgency.

Any attempt to create a rational scheme for pres-
ervation of cerrados and to identify particularly
critical areas for conservation i1s hampered by our
incomplete knowledge of the flora as a whole and
by the uneven coverage of studies in the vast region
originally covered by this vegetation. We are still
unable to determine what would be a sufficient size
of reserve to maintain a reasonable level of cerrado
biodiversity, or even to state with any confidence
what 1s a reasonable level of biodiversity for this
formation.

A potentially valuable resource that is still rel-
atively unknown 1s now being subjected to increas-
ing levels of genetic erosion and is not being ex-
ploited in a rational or wise manner. We therefore
urge that increased efforts be made to improve our
knowledge of the cerrado flora as a whole, both in
terms of basic taxonomy and in improving the geo-
graphic coverage of cerrado studies.
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